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    The large-scale modern systems in which human and computer systems are co-working together, such as plants and 
airplanes, are called Socio-Technical System. Very high level of safety and reliability are required for such systems 
because the accident of them can impact the society in a tremendous way. However, complexity of the systems has 
increased and risk of human errors has also increased, so solutions to prevent the errors are demanded. Preventive 
measures of simple human errors have been attempted by improving the interface between human and computer systems, 
but the preventive measure of the errors related to decision making affecting overall behavior of the system have been 
mainly conducted by training and education, so preventive measures of human errors from the system side are insufficient. 
In the modern days, automation systems have been introduced to the working environment as a comprehensive solution 
to prevent human errors. Although automation systems have taken a role to decrease the operators’ workload and to 
enhance the operators’ capability, a new type of accidents caused by the mismatch between human and automation systems 
has emerged. Therefore, the development of the autonomous system (i.e. full-automation system) has been directed to 
eliminate human operation from the control but it is difficult to realize such systems because of its usage restrictions and 
the existence of disturbances which have not been considered in the designing process. In addition, it is concerned that 
the skill of operators relying too much on the highly automated systems could decrease, resulting in the situation in which 
the operators are not able to deal with exceptional cases. There seem to be very high risks of an accident in the situation 
where the automation systems cannot deal with and the operator does not have skill enough to control. Hence, the 
appropriate relationship between the human and automation systems is necessary to accomplish the highly safe and 
reliable systems, and the concept of adaptive automation which the system changes the automation level depending on 
the human states dynamically has been proposed and it has been researched. 
    In the present study, the following adaptive automation system is assumed: the human has the final authority of the 
system in usual condition, on the other hand, in the case of the reliability of the human degraded, the automation system 
temporarily keeps the final authority to secure the system safe with rejecting the mistaken instruction of the human. This 
concept can be expected to accomplish a complementary supporting relationship between human and automation systems 
in which operators who are usually at the center of control can maintain a high level of skill. In order to develop such 
systems, quantitative evaluation of human reliability from the system side is necessary. Especially in an emergency 
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situation in which human is in the center of the system control, since it becomes difficult to make an appropriate decision 
for the human under time pressure, the rapid and effective intervention by the automation systems based on the evaluation 
of the human reliability is crucial. 
    Here, the present study focuses on the following two issues about "Reliability of human decision-making" and 
"Estimation of human state required in adaptive automation". 
 
Issue 1: Reliability of human decision-making 
    The concept of adaptive automation of the present research assumes that the reliability of the decision-making under 
time pressure by human with the final authority will decrease. There have been a lot of researches on decision-making 
mechanisms but there are few studies on the mechanisms of decision-making error. In addition, the contextual control 
model has been proposed as a dynamic model which describes the human state transition related to the reliability of the 
human decision-making according to the subjectively available time, however, further study is required to be applied to 
the adaptive automation concept. A study of the validity of the model and the relationship to the mechanisms of the 
decision-making error is required to clarify the model. 
 
Issue 2: Estimation of human state required in adaptive automation 
    The verification of the decrement of the reliability of human decisions under time pressure implies importance of 
adaptive automation. Therefore, it is important for the system to identify and estimate the human cognitive state in such 
a situation quantitatively. There are various kinds of methods to estimate human state related to mental workload, but 
real-time estimation method with less burden on the operators, which can be applied to the practical environment, is still 
required. 
 
    Based on the focused issues described above, the following two objectives have been fixed to accomplish reduction 
of human errors under time pressure based on the adaptive automation concept. 
 
1. Clarifying the mechanisms of the decision-making error under time pressure experimentally 
2. Developing a real-time estimation method of human state under time pressure based on a physiological 
measurement with less burden 
 
    In order to clarify the mechanisms of decision-making error, a cognitive experiment using tsume-renju task which 
requires strategic decision-making based on a prediction of the situation change necessary for the practical working 
environment, has been conducted. The results of the experiment have revealed degraded human decision-making 
reliability under time pressure with the following three findings.  
 
1.     The participants tended to take a heuristic approach without considering before trials in the higher 
time pressure condition. This result is consistent with the assumption in the transition of control mode in 
the contextual control model.  
2.     A strategy which has already been considered is difficult to be re-considered in the higher time 
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pressure condition, so risk of mistake error can increase when the human cannot recognize the appropriate 
strategies or choices. 
3.     If decision-maker have excessive confidence on the decision, the decision will not be re-considered 
extensively. This tendency can be significant in the situation with higher time pressure. 
 
    The experimental findings imply that the reliability of the human decision-making under time pressure can be lower. 
If the automation systems can support operators under time pressure based on the human state, the intervention by the 
system can be effective to secure safety and reliability of the system in emergent situations.  
The experimental study has been conducted to develop the methodology for human state estimation. JINS MEME 
has been adopted, which can obtain electrooculography and six-axis sensor data standalone. The device can obtain 
multiple parameters which can be utilized to the human state estimation with less burden on the users. 
 
    In the present study, the discrimination of human state: ‘reliable’ or ‘not reliable’ based on the measured parameters 
has been focused. Therefore, two states have been determined as the human states: the Acceptable state that the workload 
of the participants is not so high that the decision is assumed to be reliable, and the High-workload state that the workload 
is assumed to be too high to make a reliable decision. Experimental study has been performed to classify each state of 
participants in the experimental tasks with JINS MEME. Three experiments have been performed: 1. Basic investigation 
of the availability of the device for the human state estimation in the dynamic simple task, 2. Experimental investigation 
in the dynamic complex task assumed as practical working environments, 3. Real-time human state estimation in the 
dynamic simple task. 
 
    The first experiment aims to clarify the applicability of JINS MEME to the human state estimation in a dynamic 
simple task. The well-known game, TETRIS, has been chosen as the basic task which is relatively simple but dynamic 
task and the time pressure on the participants can be controlled. The subjective evaluation of the mental workload in early 
and final phase during the task has been estimated by NASA-TLX. The human state estimation has been attempted by the 
data obtained by JINS MEME compared to the subjective evaluation. As a basic analysis, the blink rate has been focused, 
which has been reported to decrease in accordance with increase of mental workload, and the tendency has been confirmed 
in the experiment. Then, the classification by a machine learning method, Support Vector Machine (SVM), has been 
conducted with six parameters calculated from the data obtained by JINS MEME to achieve higher accuracy for human 
state estimation. As a result, two human states have been discriminated with 82 % accuracy in average. The experiment 
has confirmed that the effectiveness of machine learning method using the data obtained by JINS MEME for the human 
state estimation. 
 
    In the experiment that followed, the human state estimation using JINS MEME under the dynamic complex task 
working environment has been studied with Smart Grid Simulator, which can provide relatively more realistic working 
environment than TETRIS. In the experiment, the participants are instructed to maintain the target electric power supply 
using four power resources by monitoring and considering restrictions of their operation, electric power inflow, weather 
variation, and other disturbances. A product-type JINS MEME, JINS MEME ES (Academic Pack), has been used as the 
－ 623 －
device to obtain physiological data from the participants. SVM has been performed to classify the human states with ten 
attributes calculated from obtained data. The state of the participant has been determined based on the performance log 
during the task, and the classifier has been constructed with training datasets and classification has been performed for all 
dataset. As a result, the higher classification accuracy (over 90 % in average) has been achieved. Applicability of the 
method of human state estimation has been confirmed for the dynamic complex task environment. Based on the analysis 
of attributes for all participants, it has been shown that classifier should be adjusted to specific participant to achieve 
higher level of accuracy for human state estimation. 
 
    In the final experiment, a real-time human state estimation using dynamic simple task, TETRIS, with JINS MEME 
has been studied. In this experiment, in addition to a realization of real-time estimation, the improvement of estimation 
accuracy according to the accumulated training data has been focused considering the practical situations. In this 
experiment, a participant has been given a beep sound when real-time estimation result shows High-workload state. The 
subjective evaluation has been performed to confirm how the feedback from the system is consisted with the subjective 
level of workload. The result of subjective evaluation showed that the level of consistency is fairly good. Therefore, it is 
considered that the experiment has revealed the possibility of the real-time human state estimation with the classifier 
adjusted for each participants using JINS MEME.  
 
    The present research has been experimentally revealed the decrease of the human reliability under time pressure 
which has been assumed in the contextual control model. This result may imply that the intervention of the automation 
systems to support operators to keep the system safe in emergent situation, which is a concept of adaptive automation. To 
realize the adaptive automation, human state estimation is necessary. Therefore, a human state estimation method has 
been developed using JINS MEME which can obtain multiple physiological data standalone with less burden on users, 
and the applicability of the method has been confirmed experimentally. However, further studies are required to 
implement the method to adaptive automation, such as considering other human states (e.g. awareness/drowsiness), 
working conditions, and so on. It is desirable that findings of the present study can be beneficial for further studies to 
improve safety and reliability of the socio-technical systems. 
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